Sir, We read with great interest the correspondence between Tzovara and colleagues and Naccache et al. regarding the neural detection of sound sequences in the absence of consciousness (Naccache et al., 2015; Tzovara et al., 2015a, b) . We believe that this discussion raises important questions on the way to use event-related potentials (ERPs) for predicting the recovery of comatose patients. Two aspects of the correspondence particularly caught our attention: (i) the difficulty in obtaining a perfect neural detection in the control group of fully conscious subjects; and (ii) the variability of the statistical analyses used to detect neural signs of awareness.
First, in their replication of the elegant local global paradigm conceived to evaluate consciousness, Tzovara et al.
could not obtain a significant conscious effect in all aware control subjects, which contradicts the perfect performance obtained in the original studies (Bekinschtein et al., 2009; Faugeras et al., 2011 Faugeras et al., , 2012 King et al., 2013) . Such a decrease in performance has also been observed in the replication of other experimental designs used to detect signs of awareness (Owen et al., 2006; Monti et al., 2010) both by others Gabriel et al., 2015) and the same research team (Fernandez-Espejo et al., 2014) . Replication studies are vital for clinical and scientific progress and the slightest change in the design or in the population tested can dramatically alter the detection of awareness, as in the replication performed by Tzovara and colleagues. The experience of the clinical team is also of major importance. For example, in the local global paradigm, subjects must be given precisely worded instructions otherwise the task might be complex to understand. One can nevertheless question whether a perfect detection of awareness in control subjects is a prerequisite before testing patients with disorders of consciousness. Indeed, the cerebral activity of these patients is altered and the electrophysiological signal is hardly comparable to healthy controls in terms of topography, amplitude, and latency.
Second, the use of a different statistical method to analyse the electrophysiological signal is a major issue both in scientific research and in clinical routine. In the past 10 years, increasingly complex analysis methods have been developed to detect neural responses in coma. Mismatch negativity studies in comatose patients provide a striking example. These protocols are frequently used by neurologists because of their good predictive value of awakening (see Morlet and Fischer, 2014 for a review). The standard in clinical practice is to detect the presence of a mismatch negativity visually, i.e. to inspect whether there is an electrophysiological difference between standard and deviant tones on fronto-central electrodes (Kane et al., 1996; Rodriguez et al., 2014) . However, considering that the electrophysiological signal is often small and noisy in comatose patients, several research teams have proposed the use of mathematical methods to confirm (Fischer et al., 1999; Naccache et al., 2005; Qin, et al., 2008) or to replace (Daltrozzo et al., 2009; Tzovara et al., 2013 ) the visual evaluation. The problem for clinicians is the vast array of mathematical methods and research teams devoted to the detection of mismatch negativity in coma.
As the signal processing stages and the mathematical approaches differ widely in these statistical methods, different parts of the neural response could be detected. With the generation of mismatch negativity at both frontal and temporal lobe sources, some methods may reveal a stronger contribution from one brain region than the other, and inversely. This is especially true when the neural response is reduced because of the low signal-to-noise ratio, for example, for comatose patients.
We are currently conducting conventional and highdensity electroencephalography research aimed at comparing visual and mathematical methods for the evaluation of consciousness in comatose patients. From this research, we have already extracted preliminary neural responses from a control group of 27 conscious subjects. These subjects were tested with a classic mismatch negativity design based on the presentation of standard tones at 1000 Hz and deviant tones at 2000 Hz. To get a signal comparable to comatose patients in terms of signal-to-noise ratio, only 378 standard and 67 deviant tones were used. Sample frequency was set at 1000 Hz and epochs ranging from 20 ms prestimulus to 300 ms post-stimulus were extracted for each experimental condition and participant. Baseline was defined as the 20 ms period prior to stimulus onset. Individual data were then bandpass-filtered to 1-30 Hz.
Six analysis methods were compared, all already successfully used to detect the presence of a mismatch negativity in comatose patients. The first method was visual; the standard in most intensive care units. For each subject, the mismatch negativity was measured by subtracting the average of standard tones with the average of deviant tones. The presence of this ERP was assessed by two expert neurologists (N.A.-O. and E.M.), taking into account the morphology, latency and topography of the response. All other methods were statistical. The second method (Naccache et al., 2005) used a sample-by-sample t-test in the time window 100-200 ms. In the third method (Qin et al., 2008) , a sample-by-sample t-test was used only at the peak of the mismatch negativity. The fourth method (Fischer et al., 1999) was a cross-correlation. The fifth method (Daltrozzo et al., 2009 ) was a t-continuous wavelet transform and the sixth (Tzovara et al., 2013) was a multivariate analysis. For all mathematical methods, the referencing of data, the electrodes to analyse, the time windows of interest, and significance levels were similar to the original published studies.
Results are presented in Table 1 . Large discrepancies were found across all subjects. When looking at consistencies among methods, we found that, in four subjects only, a mismatch negativity was detected with all methods. Nevertheless, a mismatch negativity was detected with at least two methods in all subjects. For each subject, the mean number of methods detecting signal differences was 4.07 AE 1.27 and the median number was 4. When looking at each method separately, significant detection of neural differences was found in all subjects with the fifth method, whereas significant differences were found in only 44% of subjects with the third method.
Our results show that the choice of statistical method could have a dramatic influence on the detection of neural differences. Considering that most of these methods rely on complex methodological approaches, assessing the origin of these neural detection differences is problematic. These methods should therefore be complementary and not confirmatory. Moreover, if one mathematical method gave 100% detection in our conscious subjects (Daltrozzo et al., 2009 ), a comparison with unconscious subjects is necessary: this ensures that there is no over-detection of responses and a high level of false positives, which would be troublesome in clinical routine. From a clinical point of view, these results also suggest that the visual inspection of ERPs is mandatory to limit over-detections. It is extremely difficult, if at all possible, to define the 'best' analysis method. This depends on many other factors, such as the design of the protocol, the type of electrodes, and the number of trials, which makes performance comparisons difficult. Our results suggest that the use of complex statistical methods does not resolve this uncertainty and may conversely complicate the clinician's decision. Depending on the analysis method selected by the clinician, some comatose patients with preserved cognitive functions may be wrongly classified as conscious or unconscious, which consequently raises both ethical and therapeutic issues. In that respect, the comparison of the local global paradigm with different analysis methods on the same comatose patients proposed by Naccache et al. (2015) and Tzovara et al. (2015b) 
